Introduction {#S1}
============

The proportion of elderly people with head and neck cancer is rising due to an overall increase in life expectancy. The increasingly widespread application of microvascular free-flap reconstruction in the past 20 years has revolutionised the treatment of head and neck cancer. The safety and success of free-flap transfer have been well documented in the general population [@R01], but the good results achieved with the use of free flaps in elderly patients have received little attention.

When planning the treatment of an elderly patient with advanced head and neck cancer, the surgeon must weigh the risks and benefits of operating on the individual, who may be frail. Although head and neck surgery incurs substantially less perioperative mortality than cardiovascular or gastrointestinal tract surgery [@R02], other issues warrant consideration when a lengthy and complex reconstruction is planned. The surgeon must consider whether an elderly patient can tolerate the medical impact of prolonged surgery, whether the risk of surgical complication is increased and whether major surgical reconstruction should be considered for this kind of patient. These issues should be balanced against the presumed functional and aesthetic benefits achieved by the use of microvascular reconstruction.

The aim of the present study was to evaluate whether differences exist in the rates of complications, morbidity and functional outcomes between elderly and younger patients treated surgically for advanced head and neck cancer using microvascular reconstruction.

Materials and methods {#S2}
=====================

Between January 2007 and December 2010, 81 patients with advanced (stage III--IV) head and neck cancer were treated at the Oral and Maxillofacial Surgical Unit in collaboration with the Plastic Surgery Unit at S. Orsola-Malpighi University Hospital, Bologna, Italy.

Patient treatment consisted of composite resection, including excision of the primary tumour with ipsilateral or bilateral neck dissection and microvascular reconstruction. Eightyfive microvascular tissue transfers were performed to reconstruct major surgical defects. Postoperative radiation therapy was performed when indicated, depending on the tumour stage and surgical margins. Indications for postoperative radiotherapy were T3--T4 tumours, positive or close surgical margins, multiple positive nodes and/or extranodal spread.

Patients were divided into two groups according to age: a younger group included patients aged \< 75 years (n = 46) and an elderly group with patients aged ≥ 75 years (n = 35). Patient details are listed in [Table I](#T1){ref-type="table"}.

###### 

Defect site, reconstruction type, and American Society of Anaesthesiologists (ASA) classification in the elderly and younger patient groups.

  Defect site              Elderly (n)   Younger (n)
  ------------------------ ------------- -------------
  Oral cavity              18            24
  Oropharynx               6             9
  Midface                  11            13
  **Reconstruction**                     
  Fibula                   17            19
  ALT                      20            12
  Forearm                  5             4
  Rectus                   2             3
  DCIA                     1             0
  Groin                    0             1
  Latissimus               0             1
  **ASA classification**                 
  I                        3             16
  II                       6             8
  III                      9             13
  IV                       16            9
  V                        1             0

The oral cavity was the most frequent site of reconstruction in both groups. Typically, patients undergoing major head and neck surgery and free-flap reconstruction were kept sedated and mechanically ventilated in a surgical intensive care unit overnight. The flap was monitored by checking paddle skin colour or Doppler signal every 3 h for the first 2 days, and every 4 h on days 3-5.

The following demographic variables were analysed for each group: patient sex and age, underlying disease, American Society of Anesthesiologists (ASA) score, smoking history, type of flap and defect site.

Complications were divided into donor-site, flap, and systemic complications using Classen and Ward\'s [@R03] classification. Donor-site complications were classified as seroma, haematoma, infection, dehiscence, congestion and skin loss. The number of patients who developed donorsite complications were compared between groups. Flap complications were classified as major (requiring surgical re-exploration) or minor (all others), and frequencies were calculated for each group. Postoperative comorbidities, pulmonary oedema, postoperative hypertension and sepsis were classified as systemic complications.

Long-term functional outcomes were evaluated and compared between groups using the Head and Neck 35 module of the European Organisation for Research and Treatment of Cancer (EORTC H&N35) quality of life questionnaire [@R04]. Speech, swallowing and chewing functions were assessed 12 months after surgery.

Chi-squared analysis with Fischer\'s exact test was performed to determine the influence of age on complication rate, morbidity and functional outcome. In each group, complications were examined according to ASA status and reconstruction type. Statistical significance was defined as *p* \< 0.05. All statistical analyses were performed using the SPSS® Advanced StatisticalTM software package (ver. 13; SPSS Inc., Chicago, IL, USA).

Results {#S3}
=======

A total of 81 patients (50 men, 31 women; mean age, 59.85 years; range, 26-89 years) underwent surgery for head and neck tumours. Microvascular reconstruction was performed in all patients, with 85 free flaps used to reconstruct a variety of defects. The age distribution in both groups is shown in [Figures 1](#F1){ref-type="fig"} and [2](#F2){ref-type="fig"}. ASA status was determined as listed in [Table I](#T1){ref-type="table"}. Of 81 patients evaluated, 47 were ASA class III or IV . The most frequent histological diagnosis was squamous cell carcinoma ([Fig. 3](#F3){ref-type="fig"}).
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The following microvascular free flaps were used: fibula (n = 36), anterolateral thigh (n = 32), forearm (n = 9), rectus abdominis (n = 5), deep circumflex iliac artery (n = 1), groin (n = 1) and latissimus dorsi (n = 1). The fibula free flap was used most frequently in the younger group and the anterolateral thigh free flap was used most frequently in the elderly group ([Table I](#T1){ref-type="table"}). One elderly patient underwent a double free-flap transfer for a complex head and neck defect. Two patients, one from the elderly group and one from the young group, received a second free-flap following flap loss. One patient underwent a second free-flap transfer for a second primary tumour.

Donor-site complications were observed in 18 cases in young patients and 20 cases in elderly patients ([Table II](#T2){ref-type="table"}). Seroma was the most common donor-site complication, observed in eight elderly and seven younger patients.

###### 

Donor-site complications in the elderly and younger patient groups.

  Complication      Younger (n)   Elderly (n)
  ----------------- ------------- -------------
  Seroma            7             8
  Haematoma         3             3
  Infection         2             4
  Dehiscence        4             3
  Congestion        0             0
  Skin graft loss   2             2
  Total             18            20

Minor flap complications occurred in seven cases in young patients and six cases in elderly patients ([Tab. III](#T3){ref-type="table"}), and consisted of infection (n = 1), haematoma (n = 2), dehiscence (n = 1), congestion (n = 5) and partial flap loss (n = 4). Total flap loss occurred in three elderly patients and two younger patients. Re-exploration was required in four cases in each group ([Table III](#T3){ref-type="table"}). The major surgical complication rate was 9% in the younger group and 11% in the elderly group.

###### 

Minor and major flap complications in the elderly and younger patient groups.

  Complication                   Younger (n)   Elderly (n)
  ------------------------------ ------------- -------------
  **Minor flap complications**                 
  Skin graft loss                0             0
  Infection                      1             0
  Haematoma                      1             1
  Seroma                         0             0
  Dehiscence                     1             0
  Congestion                     2             3
  Partial flap loss              2             2
  **Major flap complications**                 
  Re-exploration                 4             4
  Total flap loss                2             3

Two younger patients and three elderly patients had systemic complications, consisting of postoperative delirium (n = 2) and pneumonia (n = 1) in the elderly group, and venous thromboembolism (n = 1) and myocardial ischaemia (n = 1) in the younger group. All but one systemic complication was resolved with medical treatment.

Perioperative mortality occurred only in one elderly patient, who suffered a heart attack during surgery for an oropharyngeal tumour. This patient had normal electrocardiogram readings before the operation and a left ventricular ejection fraction of 75%.

Swallowing, speech and chewing function domain scores at 12 months postoperatively were 64, 71 and 69 points, respectively, for younger patients and 61, 73 and 64 points, respectively, for elderly patients.

Chi-square analysis with Fisher\'s exact test was performed to assess the relationship between patient age and complication rates ([Table IV](#T4){ref-type="table"}). Age did not affect the rate of donor-site, flap, systemic complications or functional outcome (swallowing, speech or chewing). Multivariate logistic regression analysis demonstrated that age did not significantly increase the overall incidence of complications (*p* = 0.31). ASA score was the only variable showing an association that approached statistical significance (*p* = 0.04) with the development of complication ([Tab. V](#T5){ref-type="table"}).

###### 

Results of chi-square analysis with Fisher\'s exact test.

  Donor complications   Flap complications   Systemic complications   Swallowing function   Speech function   Chewing function
  --------------------- -------------------- ------------------------ --------------------- ----------------- ------------------
  *p* = 0.711           *p* = 0.203          *p* = 0.110              *p* = 0.671           *p* = 0.864       *p* = 0.121

###### 

Results of multivariate statistical analysis, including hazard ratios and 95% confidence intervals (CIs) for the variables in each model.

  Model                         Hazard ratio   95% CI      p
  ----------------------------- -------------- ----------- ------
  **Overall complications**                                
  Age (\< 75*vs.* ≥ 75 years)   1.12           0.83-1.52   0.31
  Sex                           0.92           0.65-1.31   0.65
  ASA status                    0.72           0.53-0.97   0.04
  Tumour site                   1.10           0.81-1.48   0.54

Discussion {#S4}
==========

Microvascular free-tissue transfer, a reliable technique for head and neck reconstruction, was introduced in 1959 [@R05]. Consistent success rates of 90-99% have been reported [@R06]. Complications can be divided into three main groups: general condition-related, recipient area-related and procedure- related.

Population demographics show a growing proportion of elderly people, and age has been regarded frequently as an independent risk factor for poor surgical outcome. Before the 1960s, the operative mortality rate for elderly patients undergoing elective surgery was two to six times higher than that in the general population [@R07]. Several wellaccepted reasons explain this difference. The first factor is heart failure; an elderly patient\'s ageing heart has a less efficient cardiac output when placed under the stress of surgery and anaesthesia [@R08], and this condition is accompanied by lower renal blood flow resulting in larger water and electrolyte imbalances. The second factor is the compromise of pulmonary function with increased age due to smaller vital capacities and poorer gas exchange resulting from lung parenchyma deterioration [@R09]. However, the mortality rate in elderly patients has declined in the past 40 years. Today, the overall surgical mortality rate is about 0.9-2.4%, even for patients with cardiac disease [@R10], largely as result of safer anaesthesia techniques. In addition, the average life expectancy of a 70-year-old man is 11 years and that of a 70-year-old woman is 14 years [@R11].

In the literature, no exact age seems to be associated with the word \'\'elderly\'\'. However, this lack of precision is not entirely relevant, as surgical indications should be based not on age, but on risk assessment. The ASA score is a commonly recommended tool for risk assessment [@R12].

Studies of free-flap use have been conducted in elderly patients aged 50 [@R13], 60 [@R14], 65 [@R03], and 70 [@R02] years. The flap loss rate in these studies ranged from 1% in a 92-patient series [@R06] to 16.7% in a 47-patient series [@R07]. This variation illustrates the difficulties of precisely defining the term \'\'elderly\'\' and of predicting morbidity rates in elderly patients. Many studies examining the relationship between age and free-flap complication have demonstrated that age is not an important factor influencing the success of microvascular free-flap transfer. However, surgery is often avoided in elderly patients because of the increased likelihood of various complications, regardless of the type of procedure chosen. In 1999, Pompei et al. [@R15] reported the results of 392 head and neck flap reconstructions, including those employing pedicled flaps; the authors found that complications in elderly patients were correlated with comorbidities, but not with age or operation length.

In 2000, Serletti et al. [@R03] analyzed 104 free-flap procedures in patients aged ≥ 65 years, and concluded that free-flap transfer in elderly patients achieved a success rate similar to that in the general population. They concluded that age alone should not be considered a contraindication or an independent risk factor when considering free-tissue transfer. The authors believed that ASA status was a reliable predictor of postoperative medical and surgical morbidity. They found that an operative time \> 10 h was a significant factor in the development of postoperative surgical complications. Because elderly patients are also less capable of handling large fluid shifts and significant blood loss, proper fluid management and protein--calorie balance are important. Another significant factor in reconstruction failure seems to be the presence of peripheral vascular disease.

In 1994, Bridger et al. [@R16] found no significant difference in the rate of postoperative surgical complications between patients older (42%) and younger (37%) than 70 years, and concluded that age alone should not contraindicate head and neck microvascular procedures. Furthermore, in 2006, Classen and Ward [@R03] analyzed the complications of free-flap operations using the donor-site, flap and systemic complication categories. They found that age influenced only the systemic complication rate.

All of these studies evaluated factors that can lead to freeflap complication. However, precise analyses of how age influences free-flap complication have been infrequent. Moreover, some previous studies have included pedicled flaps in the analysis and have presented simple numerical complication rates without performing statistical analysis. Most of these studies have reported that age does not impact the free-flap complication rate, but the results have varied; a significant number of studies have reported that age may influence the rate of systemic complications.

In the present study, we assessed age as a variable affecting free-flap complication rate, morbidity and functional outcome. The proportion of elderly people with head and neck cancer is rising due to an overall increase in life expectancy. Our study used a 75-year cut-off value to define the elderly age group because no previously published paper has considered \"elderly\" patients of this age. Indeed, we believe it is valuable to assess similarly aged patients with head and neck cancer using a precisely defined cut-off value. The appropriate cut-off value for the definition of elderly patients has been a matter of much debate: Bonawitz et al. [@R12] defined elderly patients as those aged ≥ 60 years, Shestak and Jones [@R11] used a cut-off age of 50 years and Serletti [@R03] used 65 years.

In the present study, age was considered a continuous variable in the analysis of its association with donor-site, flap, systemic complications and major and minor surgical complication rates. Functional outcomes were also evaluated in both groups. No pedicled flap was included in this analysis. The major surgical complication rate was 9% in the young group and 11% in the elderly group.

Our results are similar to those of other published series. Shestak et al. [@R13] reviewed 19 patients who underwent microvascular head and neck reconstruction and found a 16% major surgical complication rate in patients aged ≥ 70 years, compared with 13% in patients aged \< 70 years.

In the present study, multivariate analysis showed that ASA score was the only variable associated with an increased complication rate.

Similar to the findings of another recent report [@R16], the present study found a higher medical morbidity rate in elderly patients, with two complications (postoperative delirium) occurring. Chick et al. [@R17] found that medical complications occurred in 35% of elderly patients, compared with 10% of younger patients.

In the present study, one elderly patient died during surgery; no death occurred in the younger population. Morgan et al. [@R18] noted that perioperative mortality increased significantly with age, but most series have reported rates of 3--6% in elderly patients undergoing head and neck reconstruction [@R19]. The present study also found no significant difference between the two groups in long-term swallowing, speech and chewing functions. Peri- and postoperative complications were correlated with ASA status.

In conclusion, the present analysis indicates that free-flap microvascular reconstruction can be considered a safe procedure in elderly patients with head and neck cancer. Surgical complication rates do not appear to increase in elderly patients compared with younger patients. Only slightly more systemic complications occurred in the elderly group than in the younger group in this study.
